Introduction
The identification of anatomical target structures that need to be preserved or selectively removed during a surgical procedure is a challenging task. An incorrect interpretation can potentially lead to disastrous outcomes for patients. Despite the technical advances of image guided surgical procedures, this task is still strictly related to the surgeon's visual skills, anatomical knowledge and experience. Especially during thyroid and parathyroid surgery, very fine structures such as the recurrent laryngeal nerve (RLN) and the parathyroid glands, extremely variable in number and position [1] , need to be identified. Therefore, intra-operative methods are needed to support the surgeon in the identification of the parathyroid in real time [2] .
Low dose Methylene Blue (MB) together with Near Infrared (NIR) cameras was tested to identify the parathyroids during neck surgery [3] . The limitation of this technique is the use of a contrast agent, administered prior to surgery and which is potentially neurotoxic at higher doses. Recently, the autofluorescence of the parathyroid was evaluated with success. This approach consists in exciting the fluorophore included in the parathyroid with a light source from 750-785 nm. The gland emits as response a fluorescence peak around 820 nm which is larger than for the thyroid and background [4] . Autofluorescence imaging is a promising technique for the discrimination of the parathyroid. However, the measured signal is still too low to reach a visual discrimination of tissue intraoperatively [5] .
Hyperspectral imaging (HSI) is a technology which associates a spectrometer to a camera system. It consists in illuminating an object with light in the visual and NIR range. HSI acquires a three-dimensional dataset called hypercube, having two spatial dimensions (x, y) and one spectral dimension (z). Its introduction in the medical area is relatively recent. Applications are for example the detection of tumors [6] [7] , the evaluation of tissue perfusion [8] , the wound monitoring [9] and the intraoperative detection of structures like ureter and nerves [10] .
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In this work, hyperspectral imaging was evaluated to obtain spectral signatures of the in vivo thyroid and parathyroid. This information was then tested in classification algorithms to discriminate both glands from the surrounding tissue.
Material and Methods

Hyperspectral imaging system
The hyperspectral imaging system TIVITA™ Tissue (Diaspective Vision GmbH, Germany) was used for the acquisition of patient data sets. The system includes a CMOS camera providing images with resolution of 640 x 480 pixels, a spectrometer measuring light spectra in the range of 500 to 1000 nm with 100 channels (resolution of 5 nm) and an illumination component of 6 halogen lamps of 20 W each. The objective of the system works at a fixed focus of the camera's lens at 30 cm distance. The camera system is attached to a side arm of a medical cart carrying the PC (Figure 1 ). Once the hyperspectral data cube is acquired, the system computes four parameters: Tissue Haemoglobin Index (THI), Tissue Oxygenation (StO2), Near Infrared (NIR) Perfusion Index and Tissue Water Index (TWI) [11] .
The parameter values are coded in false colour and shown on the monitor of the system.
Patient data sets
The HSI measurements were performed at the University Hospital of Leipzig (UKL) during thyroid and parathyroid surgery of seven patients operated for benign pathologies. The study protocol was approved from the ethical committee of the Leipzig University (registration number 393/16-ek). During the acquisitions the window blinds of the operating room were closed, the headlamps were switched off and the theatre lights turned away in order to avoid disturbing the measured absorbance spectra with external sources of light. Right after the acquisition of the hyperspectral data cube, the thyroid and parathyroid glands were manually annotated as regions of interests (ROI) by a surgeon in the RGB images provided by the camera system and using the custom analysis software panel. 
Analysis of the HSI datasets
The evaluation of the HSI datasets was performed in two steps. Firstly, the images of the four spectrometric indices were visually analysed in order to point out features of the thyroid and parathyroid.
Secondly, the mean normalized absorbance spectra in the ROIs of both structures were generated and exported into Excel for further analysis. The standard normal variate (SNV) method was used for the normalization of the spectra. Incorrect measurements, whose causes were mainly identified due to too low illumination of the examination area and to measurement impair by external light source, were removed. If several measurements were available for one patient, the spectra were averaged to keep only one normalized spectrum per structure and patient. Finally, the obtained absorbance spectra of the thyroid and parathyroid were averaged on the set of patients and the standard deviations were computed. They were visually analysed to extract specific spectral signatures for both glands with the objective to obtain an automatic classification.
Results
Visual analysis of the images of spectrometric indices
A total of 19 datasets for seven patients were acquired. Four of them were removed because of impair of the spectra. Moreover, values of these indices are larger for the thyroid than for the parathyroid. Therefore, the thyroid and parathyroid are visually well discriminated in the image data. Figure 3 shows the averaged normalized absorbance spectra of the in vivo thyroid and parathyroid with the standard deviations. They were obtained based on seven HSI datasets of the thyroid and eight datasets of the parathyroid. The first observation is that the water and deoxygenated haemoglobin peaks are clearly visible at 960 nm and 760 nm. Secondly, the averaged spectra of the thyroid show a lower absorbance in the range 600 nm to 750 nm and a larger absorbance in the range 800 nm to 1000 nm in comparison with the parathyroid. This means that the thyroid is in average better oxygenated than the parathyroid and that the water content is larger for the thyroid. These observations match the visual analysis of the images of spectrometric indices in Figure 2 . These differences can be used as spectral signature to characterize and discriminate both glands. Moreover, the areas under the standard deviation curves of the thyroid and parathyroid overlap. Therefore, the amplitude of the difference of spectral signatures of the thyroid and parathyroid depend on the patient dataset. and parathyroid (red).
Spectroscopic analysis of the absorbance spectra
Automatic discrimination of the in vivo thyroid and parathyroid
The feasibility of the development of classification algorithms based on spectral signatures of the thyroid and parathyroid was studied. For that, the second derivatives of the absorbance spectra of one patient datasets of Figure 2 depicting clearly both structures were plotted to enhance the minor spectral features independently from the baseline (Figure 4 ). Thresholds in four spectral regions, 610 nm, 660 nm, 760 nm and 965 nm, build up a decision tree to assign each absorbance spectrum to the class thyroid, parathyroid or background. These thresholds correspond also to the differences noticed in the mean absorbance spectra: 610 and 660 nm for the oxygenation state, 760 and 965 nm for the deoxygenated and water content. The result of the classification was visualized with two colours, green for the thyroid and red for the parathyroid, and overlapped on the RGB images ( Figure 4 ). It was demonstrated in this pilot study that thyroid, parathyroid and surrounding tissue have specific spectral signatures. Differences were visually observed in the images of spectrometric indices in individual datasets of patient and in the averaged absorbance spectra of the thyroid and parathyroid. These specific signatures can be used to discriminate the different structures using automatic classification algorithms as it was tested on one patient. To our knowledge our study represents the first attempt for characterizing the parathyroid and the thyroid using an HSI system. Schols et al. [12] developed an optical wide band diffuse reflectance spectroscopy, a spectral fibre probe using silicon (Si) and indium gallium arsenide (InGaAs) sensors to discriminate between thyroid, parathyroid and fatty tissue. Only small area can be examined with this approach. The advantage of HSI is the ability to measure larger spatial areas including different tissue and structures.
In our study, it was observed that the amplitude and shape of the absorbance spectra of the thyroid and parathyroid depends on the patient data. Several reasons can explain it: the individual physiology of patients, the current disease and the time point of the acquisition. It could be possible that the thyroid and parathyroid were already prepared for resection when the acquisition was performed. In these cases, a decrease of the oxygenation is assumed.
Moreover, it is important to mention that the measurements performed with the HSI system are susceptible to external light sources in the surrounding. Therefore, acquisitions in the operating room have to be performed under conditions (turning the lights off, exactly pointing the camera on the target through the side arm).
Finally, studies with larger patient numbers are required to clearly define the spectral signatures of the parathyroid glands in a statistically relevant way and to implement this information in an appropriate algorithm, thus allowing in the future an objective, automatic, real time, hyperspectral imaging based parathyroid recognition.
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